To study the histopathological findings of failed DSAEK grafts and to analyze causes of graft failure. Design: Retrospective series with clinicopathological correlation. Methods: Thirteen failed DSAEK grafts (4 grafts submitted alone with no host cornea) of 12 patients were studied histopathologically and correlated with the clinical and operative findings.
Results
Twelve patients were included. One patient had a repeated DSAEK in the same eye because of the failed initial procedure. The patients age ranged from 28 years to 72 years with the median of 65 years. Seven females and 5 males were included. Other associated ophthalmic problems were present in 5 patients (42%) and included controlled glaucoma in 4 and history of retinal detachment repair in one.
The indications for surgery included pseudophakic bullous keratopathy (PBK) in 9 corneas (69%), failed PKP in 2 corneas (15%), corneal edema with cataract in one (8%) and failed DSAEK in one (8%).
Persistant detachment of the graft was the commonest clinically identified cause for failure in 6/13 despite reattachment surgical intervention in 2/3 cases. Other causes included: primary failure in 4/13, suspected herpetic keratouveitis in 2/13, vitreous endothelial touch in 1 cornea and graft rejection because of poor compliance with the use of postoperative medications in 1 patient. Infection was clinically identified in 1 cornea with partial response to antifungal therapy. The clinical causes for the DSAEK failure are summarized in Table 1 .
Discussion
Descemet's stripping with endothelial keratoplasty DSEK is a relatively newer procedure used to treat patients with corneal endothelial cell dysfunction. The most common postoperative complication in DSAEK cases is graft detachment with a reported rate of 6% for experienced surgeons. (3, (8) (9) (10) Detached grafts can be reattached with repositioning of the graft termed "repositioning" and injection of an air bubble termed "rebubbling". (3) Proposed causes of graft detachment include patient eye rubbing and poor donor tissue dissection. (3, 9) Our results has shown the frequent occurance of this complication in 8/9 cases where the full thickness host and donor tissue were submitted. This detachment was persistent in 6 cases despite the reattachment procedures in 2 patients. The remaining cases had other contributing factors to their failure, identified as: graft rejection in 1 case following successful reattachment of the graft (case 13) and infection which was partially responding to antifungal therapy (case 1). Graft detachment can be attributed to retained host Descemet's membrane in 7 cases, irregular thickness of the graft in 5 cases, fibrous proliferation along the graft-host interface in one case and finally epithelial ingrowth along the interface in another. Romaniv et al in their case report described tight adherence of an endothelial keratoplasty (EK) donor button to a prior failed PKP with a retained Descemet's membrane and endothelium. The failure of their case was attributed to folding and partial detachment of Descemet's membrane from EK donor button. (11) On the other hand Suh and his co-authors have concluded that the presence of interface material such as Descemet's membrane, fibrous proliferation or epithelium are potential causes of dislocation. (12) The thickness of the flap is also of major concern in regard to the functional survival. Our five cases with histopathologically irregular thick donor flaps demonstrated clinically proven initial detachment (in 1 case) and persistent detachment (in 4 cases). Infection at the host-graft interface is a new finding in our study which has occurred in association with subtotal graft detachment in 2 cases. The first showed infiltration by yeast with associated mild stromal keratitis (case 1). The other showed collection of gram positive cocci at the stromal interface, with no associated inflammation (case 2) similar to what is seen in cases of infectious crystalline keratopathy, following PKP. Another potential post-operative complication described is the graft rejection, although is found to be lower with EK than PKP. (13, 14) In our cases we had a single graft rejection which was actually related to poor compliance with the use of postoperative steroids (case 13). Persistent edema despite successful primary apposition of the graft, termed "primary graft failure" is another cause explained by minimal endothelial function that is inadequate for graft clarity. We had 4 cases of primary failure, all of which have shown endothelial attenuation by histopathologic examination. One of these cases also showed paracentral guttata of the donor Descemet's membrane (case 10) and the other has shown formation of a retrocorneal fibrous membrane along the donor Descemet's membrane with evidence of endothelial detachment (case 8). Mehta reported 2 cases of primary graft failure with complete loss of endothelial cells. (15) Lee and his co-authors in a study of 8 cases concluded the common finding of marked endothelial loss with an interesting pattern of greater loss at the periphery and relative preservation of central cells. (16) In our cases, endothelial attenuation was the most common histopathologic finding in 77%, however no specific pattern to the endothelial loss was identified. This was similar to the findings of Suh and his co-authors where the endothelial absence was detected in 84% of their 19 cases. (12) Table 3 compares the results of both studies with additional findings in our 13 cases. Patient selection for this procedure is also important. Our patient who had repeated DSAEK procedure, had a clinically proven persistent detachment of his first flap with no additional features. However when the full-thickness specimen was studied at his second failed DSAEK procedure (case 5*), the host cornea showed subtotal absence of Bowman's layer, alteration of the normal stromal lamellar architecture and secondary Amyloid deposits. This diseased host stromal tissue could have added to the procedure failure. Rose and her colleagues clarified that not all patients are ideal candidates for DSAEK. They related the difficulty of the procedure in aphakic and vitrectomized eyes to the migration of the supporting air bubble into the posterior segment. (13) 
Introduction
Descemet's stripping with endothelial keratoplasty (DSAEK) is rapidly gaining popularity as a primary treatment option for patients with corneal endothelial cell dysfunction such as Fuch's endothelial dystrophy and pseudophakic bullous keratopathy. (1, 2) It offers several potential advantages over full-thickness penetrating keratoplasty (PKP) including more rapid visual rehabilitation, more predictable refractive outcomes, decreased risk of rejection, and retention of corneal structural integrity. (2) (3) (4) (5) (6) However, DSAEK involves more donor tissue manipulation, which increases the likelihood of endothelial cell loss compared with PKP. Furthermore, the learning curve and challenges in patient with aphakia, trabeculectomies and tube shunts introduce additional factors that can affect the success. (7) Methods A retrospective review of all cases of failed DSAEK grafts that were removed during repeated keratoplasty and submitted for histopathologic examination at King Khaled Eye Specialist Hospital (KKESH) over the last 2 years (2008 & 2009) was performed. Thirteen cases in 12 patients were included for review of the histopathologic findings with correlation to their clinical and operative findings obtained. The histologic slides were reviewed by a single pathologist and the findings were documented using a data sheet. The charts were also reviewed to gather demographic information in addition to the clinical and surgical relevant data which was also recorded on the same data sheet. 
King Khaled Eye Specialist Hospital
Intraoperative complications in the 13 procedures performed were not reported. Post operative complications were noted following 9 procedures (69%). A summary of all the cases is presented in Table 2 . The commonest complication was initial detachment of the DSAEK graft in 6/9. The graft showed significant inferior dislocation in one of these detached grafts (case 4*) and reattachment was tried for 3 grafts. The other 4 noted complications included hypotony in a patient who had a combined procedure where cyclophotocoagulation (CPC) was also performed (case 2), recurrent epithelial defect in 1 patient, stromal infiltrate at the donor-host interface in 1 and finally persistent edema of the DSAEK graft with no evidence of detachment.
Histopathologically 10 cases showed significant attenuation of the endothelial cells (77%) resulting in primary graft failure (Examples are cases 11&12). Retained recipient Descemet's membrane was found in 7 cases (54%). The flap was variably increased in thickness in 5 cases (38%) with stromal irregularity in 2 cases out of these. Retrocorneal fibrous membrane along the donor's Descemet's membrane was observed in 4 cases (31%). In regard to the graft detachment, the histopathological documented cases of total detachment or incomplete attachment of the flap in full thickness cornea + flap specimens were 8/9, excluding the 4 cases where only the DSAEK flap is received. The main histopathologic findings along the graft-host interface included fibrous proliferation (case 3), epithelial ingrowth (case 7) and infection with documentation of organisms in 2 specimens (one bacterial-case 2 and one fungal-case 1). Other histopathologic findings included endothelial detachment by retraction of the fibrous membrane along the donor Descemet's membrane (case 8), the presence of paracentral guttata of the donor tissue (case 10), delamination of the graft Descemet's membrane (case 13) and secondary Amyloid deposition within the host stroma (case 5*).
The 12 initially failed DSAEK corneas were eventually managed by penetrating keratoplasty in 8 and repeated DSAEK procedure in 4 corneas. All the surgical procedures were performed more than 80 days of the initial DSAEK. The patient who had a repeated DSAEK within our project period developed edema and possible herpetic keratouveitis in that eye with subsequent failure of his DSAEK and eventual treatment by penetrating keratoplasty (cases 4* & 5*).
Conclusion
In conclusion DSAEK is an advantageous procedure for the management of endothelial dysfunction. Improved surgical techniques are needed to reduce the risk of graft detachment and endothelial cell loss. In regard to the detachment, the irregularity of the DSAEK flap thickness may affect the stable attachment of the graft. Epithelial and fibrous ingrowth seem to interfere with the adherence of the flap. Retained recipient Descemet's membrane is most probably a controversial indirect cause as it may play a similar role. Infection is not well understood and has not been previously reported although we believe that persistent detachment of the flap is the real initial step in failure as it allows the development of epithelial and/or fibrous ingrowth in the stromal interface as well as the chance for organisms to grow causing infection-related failures.
Other than graft detachment, endothelial attenuation remains a major cause of primary graft failure. Retrocorneal fibrous membrane is a new finding also which has resulted in endothelial detachment and is expected to adversely affect the graft survival, in a similar way to penetrating keratoplasty cases.
Better understanding of the mechanism of DSAEK failure partially aided by the histopathologic findings can guide us in refining our surgical skills and technique, to improve the outcome of this procedure and reduce its failure rate. 
